Objective: To identify dietary patterns in women who are planning immediate pregnancy in preconception, weeks 6, 10, 26 and 38 of pregnancy, and 6 months postpartum, and to describe how particular lifestyles, the body mass index (BMI) and sociodemographic factors are associated to these patterns. Design: Longitudinal study throughout the reproductive cycle of food consumption carried out in a Spanish Mediterranean city. Setting: Faculty of Medicine and Health Sciences, Rovira i Virgili University. Subjects: In total, 80 healthy female volunteers who were planning immediate pregnancy. Interventions: A seven-consecutive-day dietary record was used to evaluate the dietary intake. Exploratory factor analysis was used to identify the main dietary patterns in each of the periods. Fitted multiple linear regression models were used to study the associations between the lifestyle and sociodemographic variables, and each dietary pattern.
Introduction
During pregnancy it is essential that the diet provide the energy and nutrients required to keep the mother healthy, to prevent pregnancy-related diseases and to allow the fetus to grow and develop in favourable conditions. The mother's nutritional status during the preconception period and/or during pregnancy not only can affect the perinatal phase of pregnancy outcome (Osrin et al., 2000; Keen et al., 2003) but may also be related to the development of cardiovascular disorders, hypertension and noninsulin dependent diabetes mellitus in her adultchild (Barker, 1992) .
Traditionally, nutritional epidemiology, which studies the relation between diet and disease, has focused on how one nutrient or food affects health: that is to say, it used the 'single nutrient or food approach'. Recently, however, interest has increased in the effect of overall diet on health. Using factor analysis to analyse patterns makes it possible to describe combinations of food consumption or dietary patterns in the context of the subjects' diet (Hu et al., 2000; Hu, 2002; Sánchez-Villegas et al., 2003) . This latter approach to the study of the relation between overall diet and disease is more realistic because it reflects the way in which food is consumed in real life and takes into account the high intracorrelations between both the foods consumed and among the nutrients in the diet of the subjects (Jacques and Tucker, 2001; Hu, 2002; Schulze and Hu, 2002) .
In the developed countries, several studies describe food consumption in some of the phases of pregnancy in healthy mothers, but few make a longitudinal assessment of intake in the pregnant population from preconception and throughout the three trimesters of pregnancy (Beal, 1971; Durnin et al., 1987; van Raaij et al., 1987; Alberti-Fidanza et al., 1995) . We should take into account that dietary habits can vary between preconception and the end of pregnancy. As far as we know, only one study on pregnant Mexican women has used factor analysis to describe dietary patterns and it focused on one moment during the pregnancy (Wolff and Wolff, 1995) .
Any nutritional education and/or intervention policy that aims to improve women's habits during the reproductive and/or pregnancy cycle requires knowledge of the habitual dietary patterns in these stages of life. Using 'factor analysis' to describe dietary patterns during the reproductive cycle, pregnancy and the postpartum will make it possible to describe the various combinations of food groups that are consumed. It is also interesting to identify the lifestyles, and the anthropometric and sociodemographic characteristics associated to these patterns. Knowledge of all this can facilitate the design and application of more effective policies of nutritional prevention in these periods.
The aim of this longitudinal study was to identify dietary patterns in women who were planning immediate pregnancy at different stages: preconception, in weeks 6, 10, 26, and 38 of pregnancy, and 6 months postpartum. It also aimed to describe how certain lifestyles, the body mass index (BMI) and sociodemographic factors are associated to these dietary patterns.
Material and methods
This longitudinal study took place in Reus, a Spanish Mediterranean city of approximately 91 000 inhabitants between 1992 and 1996, and aimed to assess the nutritional status of healthy women volunteers (age range 18-35 years) in the period between preconception and 6 months postpartum. It was directed by the Unit of Preventive Medicine and Public Health of the Rovira i Virgili University in collaboration with the Obstetrics and Gynaecology service of the Sant Joan University Hospital in Reus. It was approved by the Ethics Committee of this hospital and all the volunteers gave their informed consent in accordance with the declaration of Helsinki (World Medical Association Declaration of Helsinki, 1997) . The volunteers who were planning immediate pregnancy were recruited through the media and by letters sent by the town council. Exclusion criteria were the presence of chronic illnesses that affected women's nutritional status or that required nutritional treatment, failure to conceive after 18 menstrual cycles and sterility. The preconception assessment was repeated every three menstrual cycles and was carried out between days 7 and 10 of the cycle. In this paper, we used the data of the last preconception visit that could be between 1 and 3 menstrual cycles prior to conception. Of the 139 women initially recruited for the study, 95 completed a pregnancy. The sample described in this article includes the 80 women (study participation rate: 84.2%) who completed the longitudinal assessment of food consumption in all the periods studied. At the beginning of the study the mean age was 29 years (range: 24-35 Po0.001) than the educational level registered in the town census for all women from the same age range and geographical area. The women's intake of food (g/day) was assessed before pregnancy, in weeks 6, 10, 26 and 38 of pregnancy, and 6 months postpartum using the seven-consecutive-day dietary record (Thompson and Byers, 1994) . At the end of the record, trained interviewers went over it in the presence of the volunteer to minimise the memory bias and assess the amount of food consumed. During this interview, an extensive file of photographic material was used showing different portions of several foods so that the amount of food consumed could be better assessed. A standardised table that assessed the edible part of the foods was also used. The food was grouped into the following groups: red meat, cold cured meats, poultry and game, eggs, fish, whole fat dairy products, reduced fat dairy products, olive oil, seed oils, animal fats, bread, sweet cereals (breakfast cereals, biscuits and pastries), cereals (all other cereals), fresh fruit, cooked fruit, vegetables (all vegetables with the exception of roots and tubers, which are classified separately), roots and tubers, dried fruits and nuts, dried pulses, sugars, sweetened beverages, alcoholic beverages. To calculate nutrient i ntake the French food composition table REGAL (Favier et al., 1995) was used in conjunction with a Spanish food composition table (Mataix, 1995) for some specifically Spanish foods.
The following corpulence, lifestyle and sociodemographic variables were used: the preconceptional BMI (weight/ height 2 ) measured on a scale that was accurate to 0.1 kg and a height measure that was accurate to 0.1 cm; smoking (smoker/nonsmoker) in each of the periods; the measured physical activity level (mPAL) calculated from the physical activity in leisure and nonleisure time (Black, 2000) , the preconceptional age and the educational level of the volunteers.
In preconception, weeks 6, 10, 26 and 38 of pregnancy, and 6 months postpartum, an exploratory factor analysis was carried out (extraction method: principal components analysis, PCA) to identify dietary patterns in each of these periods (Kleinbaunm et al., 1988) . The criteria for determining the number of factors to be retained in each PCA were: an eigenvalue higher than one, the Scree test (Kim and Mueller, 1978) and the interpretability of the factors. To characterise the dietary patterns, in the first place, those foods whose factor loading (the correlation coefficient between each food group and each factor) had an absolute value higher than 0.2 were chosen from each factor. In the second place, the defining foods were chosen as those with high factor loadings and which appeared in several periods. Likewise, foods with factor loadings that were not so high but which helped to interpret the factor were also included among the defining foods of the pattern. A positive factor loading in a food group indicates a positive association with the dietary pattern and vice versa for a negative factor loading. The PCA retained the factor scores, estimated by the regression method, which represented each individual's score on each pattern.
The congruence coefficients (Tucker, 1951; Wrigley and Neuhaus, 1955) between each of the factors in a period and each of the factors of the other periods were calculated. The congruence coefficient makes it possible to quantify the similarity of the dietary patterns in the various periods. We hoped to find that congruence coefficients were higher in absolute value between factors labelled with the same name in different periods and lower between factors labelled with different names. The congruence coefficient can have absolute values between 0 and 1. We will show the values of coefficient of congruence together without any significance test. Illustrating the magnitude of these values is the clearest way to demonstrate the similarity between the factorial structures. The sense of the coefficients is not relevant in the interpretation because we are comparing the factorial results from different analysis, in each of which factor signs are arbitrary. Therefore, we must only consider the absolute value of the congruence coefficient.
To analyse the consumption trend of the defining variables of a dietary pattern during the period from preconception to 6 months postpartum, analysis of variance of repeated measures (MANOVA) was carried out. In this analysis, the dependent variable was the mean of the consumption of the standardised defining foods, since the intake of each one has very different ranges. Each of the defining foods from each pattern was standardised with the formula: (individual consumptionÀminimum consumption)/ (maximum consumptionÀminimum consumption) Â 100. This standardised consumption in each individual expresses the percentage difference between her intake and the group's minimum in relation to the group's range of consumption. The values for this variable range between 0 (for the subject that consumes the minimum) and 100 (for the subject that consumes the maximum).
In each of the periods studied (preconception, weeks 6, 10, 26 and 38 of pregnancy and 6 months postpartum), multiple linear regression models were fitted to study the associations of the lifestyle, sociodemographic and BMI variables with each dietary pattern. The model for each pattern used the individual's factor score as the dependent variable. The Enter method was used to include smoking, mPAL, BMI, age and the educational level of the mother in these models. Compliance with the conditions of application was verified in all the multiple linear regression models. These conditions were explored by means of the relevant statistics and the analysis of residuals.
The w 2 test was used to compare the distribution of the educational level of the volunteers in our sample with the theoretical distribution of the educational level of the women in the same age group and geographical area.
(Institute of Statistics, Catalonia, 1996) . The data were analysed with the SPSS 11.0.1 software for Windows. All the statistical tests used a level of significance of Po0.05 for bilateral contrasts.
Results Table 1 shows energy intake, physical activity during leisure and nonleisure time, and smoking. Table 2 shows the dietary patterns identified in preconception, in weeks 6, 10, 26 and 38 of pregnancy, and 6 months postpartum. In all periods, two factors were retained, which were not rotated because rotation did not improve their interpretability. These two patterns were labelled as 'sweetened beverages and sugars' and 'vegetables and meat', with the only exception of 6 months postpartum when only the pattern 'sweetened beverages and sugars' was identified. In all the periods studied, the 'sweetened beverages and sugars' pattern explains between 11.62 and 15.06% of the total variance in dietary intake and the 'vegetables and meat' pattern explains between 9.15 and 10.65%. During preconception, and in weeks 6, 10 and 38 of pregnancy, the women with high scores on the 'sweetened beverages and sugars' pattern tended to consume more sweetened beverages and sugars (factor loadings between 0.60 and 0.84) and less fresh fruit, vegetables, and roots and tubers (factor loadings between À0.21 and À0.63). In week 26 of pregnancy and 6 months postpartum, the women with high scores on the 'sweetened beverages and sugars' pattern tended to consume more fresh fruit, vegetables, and roots and tubers (factor loadings between 0.39 and 0.72) and fewer sweetened beverages and sugars (factor loadings between À0.32 and À0.67). During preconception and in weeks 6, 10, 26 and 38 of pregnancy, the women with high scores on the 'vegetables Dietary patterns from preconception to postpartum G Cucó et al and meat' pattern tended to consume more vegetables, roots and tubers, red meat, cured cold meats, olive oil, eggs (factor loadings between 0.31 and 0.77) although in some of the periods not all of these food groups contribute to the definition of the pattern. Despite the fact that 'the factor loadings for alcoholic beverages were high in most of the periods, they were not taken into account to interpret the factors because both the consumption and the percentage of consumers was very low in this population of women. The coefficients of congruence (Table 3) observed between the factor loadings of the 'sweetened beverages and sugars' pattern in different periods were quite high (between 0.39 and 0.88). They were positive when preconception, and weeks 6, 10 and 38 were compared, and negative when these periods were compared with week 26 of pregnancy and 6 months postpartum. The coefficients of congruence obtained between the 'vegetables and meat' patterns from different periods were high and positive (between 0.30 and 0.79). The coefficients of congruence between the 'sweetened beverages and sugars' pattern and the 'vegetables and meat' pattern were lower than 0.30 in absolute value (data not shown), except on three occasions when they were higher (between preconception and week 6 of pregnancy: 0.31; between weeks 10 and 38 of pregnancy: À0.35; and between weeks 26 and 38 of pregnancy: 0.43).
Throughout the study there were no significant differences in the standardised mean consumption of the defining foods of the patterns 'sweetened beverages and sugars' (sweetened beverages, sugars, fruit, vegetables, and roots and tubers) and 'vegetables and meat' (red meat, vegetables, toots and tubers, olive oil and eggs) (graph 1). Table 4 shows the significant associations of the lifestyle, sociodemographic and BMI variables with each dietary pattern from preconception to 6 months postpartum. During preconception and in weeks 6 and 10 of pregnancy, smoking associates positively with the 'sweetened beverages and sugars' pattern, and the mPAL associates negatively with this pattern during the preconception period and in week 10 of pregnancy. During preconception and in week 10 of pregnancy, smoking and the mPAL explain 10.9 and 12.4%, respectively, of the variability of the association with the 'sweetened beverages and sugars' pattern. In weeks 10 and 38 of pregnancy, age is positively associated with the 'vegetables and meat' pattern. During the preconception period, the BMI is negatively associated with this pattern. 6.03* 5.70* 8.67** Sweetened B: Sweetened beverages. Number of women in each period: 80. BMI: body mass index. mPAL: measured physical activity level. This was calculated from the physical activity in leisure and nonleisure time. b: Regression coefficient (a positive coefficient means a higher association with the pattern); CI: confidence interval. cR 2 : corrected square of the multiple correlation coefficient. Only the results of the variables that were entered into a regression model are shown. F df1,df2 of Snedecor from analysis of variance of the multiple linear regression; df1: degrees of freedom of the numerator; df2: degrees of freedom of the denominator.*Po0.05 **Po0.01 ***Po0.001.
Discussion
We used principal components analysis to identify the main patterns of food consumption before, during and after pregnancy in women and we also identified lifestyle habits, sociodemographic and anthropometic predictors that are associated with these patterns. To the best of our knowledge, only one previous study has used factor analysis to identify dietary patterns in pregnant women, and it only analysed one moment during pregnancy (Wolff and Wolff, 1995) .
To assess dietary intake, we used the seven-consecutivedays dietary record because it provides an accurate estimate of the amount of food consumed during the period studied (Thompson and Byers, 1994) and is comparable to the weighted methods (Bingham et al., 1994) . Two possible drawbacks of this method are that volunteers tire of participating in such a long study or that they learn the recording method (Buzzard, 1998 ), but we do not believe that either of these factors affected our volunteers' assessment of their diet because they were highly motivated to follow our instructions closely. The fact that we recorded several moments of the pregnant woman's intake allowed us to better reflect the variability during this period. To encourage consistency in the relationships studied, we removed from the analysis all those women whose food intake could not be assessed in one or more of the periods studied (15.8%). The distribution of ages, educational level, preconceptional BMI and physical activity at work of the women who were not included in this study was similar to that of the ones who were, although the latter did more physical activity during their leisure time (Arija et al., 2004) .
In our sample, the women with high scores on the 'sweetened beverages and sugars' pattern during the preconception period and throughout most of the pregnancy tended to consume more sweetened drinks and sugars, and less fresh fruit, vegetables, and roots and tubers. This pattern explains between 11.62 and 15.06% of the total variance of food intake throughout these periods, which is higher than the percentages described in other studies (Hu et al., 2000; Sánchez-Villegas et al., 2003; van Dam et al., 2003) . In agreement with our results, studies carried out with PCA in adult populations of both sexes in Holland (van Dam et al., 2003) , Britain (Whichelow and Prevost, 1996; Williams et al., 2000) and Canada (Beaudry et al., 1998) have identified patterns associated to a greater consumption of sweetened beverages and sugars, and a lower consumption of vegetables, roots and tubers and/or fruit. Studies in other populations of adult Germans (Schulze et al., 2001) and Greeks (Costacou et al., 2003) have identified patterns with high factor loadings for sugars. In the postpartum, the 'sweetened beverages and sugars' pattern changes and is positively associated with a higher consumption of fruit, vegetables, and roots and tubers, and a lower consumption of sweetened beverages and sugars. The inversion of the sign of the factorial loadings of the variables that define this pattern coincides with an energy intake that is lower in this period than in the preconceptional period. This may be because most of the women spontaneously restricted their diet to lose weight after they had stopped breastfeeding (Arija et al., 2004) .
In our study, there is an important similarity between the factorial structures of the patterns 'sweetened beverages and sugars' during preconception and throughout most of the pregnancy. The coefficients of congruence between the patterns 'sweetened beverages and sugars' of the preconceptional period and weeks 6, 10 and 38 of the pregnancy are high and positive (Table 3) , which suggests that these patterns are qualitatively similar to each other. What is more, the standardised mean consumption of the variables that define this pattern (sweetened beverages, sugars, fresh fruit, vegetables, and roots and tubers) does not vary significantly throughout the study (graph 1). In preconception and the first trimester of pregnancy, the 'sweetened beverages and sugars' pattern is positively associated to smoking and negatively to physical activity. Coinciding with our results, other authors have shown in an adult population a pattern that is characterised by sweetened beverages and sugars that is negatively associated with physical activity (Costacou et al., 2003) . Contrary to our results, other investigators have observed negative associations between this pattern and smoking (Schulze et al., 2001; Costacou et al., 2003) . Our data suggest that this pattern could be a food pattern characteristic of a more sedentary woman who smokes during the planning of her pregnancy and also during the first trimester of the pregnancy. The consumption of a diet that is poor in fruit and vegetables has been related to the development of these chronic diseases (Schulze and Hu, 2002) , as diabetes (Augustin et al., 2002) and cancer (Terry et al., 2001) . Sedentary activity and the consumption of tobacco are known factors of risk for these diseases (Entrala-Bueno et al., 2003) . As a result, the typology of women that we have identified may benefit from personalised advice for a healthier diet and some lifestyle habits that will lead to fewer health risks.
The women with high scores on the 'vegetables and meat' pattern in preconception and throughout pregnancy tended to consume more vegetables, roots and tubers, red meat, olive oil and eggs. Two tendencies coincide in the 'vegetables and meat' pattern: to consume high quantities of foods that has been associated with a both a lower and a higher risk of chronic diseases. The consumption of vegetables has been related to a protective effect against the aforementioned chronic diseases. The regular consumption of olive oil in the diet has been related to an improvement in the lipoprotein blood profile and protection against oxidation (Gimeno et al., 2002) . On the one hand, the consumption of red meat has been related to chronic diseases such as type 2 diabetes mellitus (Schulze et al., 2003b) and some types of cancer (Biesalski, 2002) but, on the other, we must not forget that meat contains such essential micronutrients as vitamin B 12 and is an important dietary source of micronutrients that have been associated with a lower risk of cancer, such as selenium and zinc (Biesalski, 2002) . In our study, the 'vegetables and meat' pattern explains between 9.15 and 10.65% of the total variance of dietary intake throughout these periods. These percentages are higher than the ones described in other studies (Hu et al., 2000; Sánchez-Villegas et al., 2003; van Dam et al., 2003) . In their study on pregnant Mexican women, Wolff and Wolff (1995) find a similar pattern characterised by vegetables, fatty meats and fats, but with the notable difference that the fats do not take the form of olive oil. Other studies in the adult population also find patterns in which meats, vegetables, oils and/or eggs are important for defining the pattern (Barker et al., 1990; Whichelow and Prevost, 1996; Maskarinec et al., 2000; Williams et al., 2000; Schulze et al., 2001; Costacou et al., 2003; Schulze et al., 2003a) . Also in our study the 'vegetables and meat' pattern was qualitatively and quantitatively similar between preconception and the end of pregnancy. The coefficients of congruence between the factorial structures are high and positive, between 0.30 and 0.79 (Table 3) , and the standardised mean consumption of the foods that define the pattern (vegetables, roots and tubers, red meat, olive oil and eggs) did not vary significantly throughout the study (graph 1). Schulze et al. (2001) , in agreement with our results and unlike Costacou et al. (2003) , found in nonpregnant women a positive association between the pattern characterised by the consumption of vegetables and meat, and age. In preconception the 'vegetables and meat' pattern was associated negatively with BMI. In contrast to our results, other studies carried out in the adult population reported a positive association between the pattern characterised by the consumption of vegetables, meat, eggs and/or fats, and the BMI (Maskarinec et al., 2000; Schulze et al., 2001; Costacou et al., 2003) .
Pregnancy and the periods close to it are good moments to give advice on a healthy diet. (van Teijlingen et al., 1998) . What is more, the parents' attitudes and behaviour towards a healthy diet may be important if their children are to develop preferences for healthy food (Campbell and Crawford, 2001) .
We have also observed that the patterns do not vary significantly over time. Therefore, food intake information obtained at one point during pregnancy can provide reliable information of dietary pattern throughout pregnancy. Although the next step in this field of research would be to carry out a population study to quantify the prevalence of adoption of the dietary patterns, our results reveal the need for designing and applying in our community effective policies of nutritional education that are aimed at women who are planning a pregnancy and/or who are pregnant.
